‘Fermi Solar Flare Observations’ Gl Program Progress Report, 28-January-2010

We present here a review of the current state of the various tasks we are undertaking for this GI program. The GBM
solar flare catalog and quicklook products discussed below, and all of our research results will be available online
through our Fermi Solar Flare Observations web site at http://hesperia.gsfc.nasa.gov/fermi_solar. The IDL software
used to analyze Fermi solar data will be available online in the SolarSoftWare (SSW) repository
(http://www.Imsal.com/solarsoft/).

Task 1. Develop a solar flare identification strategy for GBM data

Now that solar activity is picking up, we have begun to retrieve the files from the GBM archive, examine the data,
and plan our flare identification strategy. The basis of our flare identification scheme is as follows. Using the daily
CTIME file provided at the GBM archive, we
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Task 2. Prepare a GBM solar flare catalog

We plan to include in the catalog all events identified as solar flares using the flare identification strategy outlined
above. In the catalog, we will name flares by a number constructed from the time of the flare (YYMMDDHHMM).
We will include the start, peak, and end time of each flare, an indication of the size of the flare and quality of the
data, and the associated GBM trigger number, if any. We will provide an HTML-formatted version of the catalog
online which will contain links to the location of the daily and trigger data files for each flare.

Task 3. Quicklook Products

All GBM data are publicly available on http://heasarc.qgsfc.nasa.gov/FTP/fermi/data/gbm/, both as complete daily
files and smaller files containing a short time interval for each triggered event. The daily and trigger files are
available separately for each of the 14 detectors, and in high time resolution and high energy resolution formats. For
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Figure 2. Example of quicklook plots available for the GBM
flare trigger that occurred on 2010 January 20 at 17:50 UT:
Low-resolution time orofile in the 10 - 44 keV enerav band.
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Figure 3. RHESSI quicklook browser page. Top plot shows the daily GOES two-channel X-ray light curves with RHESSI observing
times overlaid; bottom plot shows RHESSI lightcurves in multiple energy bands for a single orbit showing the GOES M4 flare on 20 Jan.
2010. The options on the left allow the user to select the time interval and the plots to display. We will add GBM quicklook lightcurve
displays to this interface.




Task 4. Spectral Analysis

Our OSPEX spectral analysis package has been extended to read the GBM data files. OSPEX can now read and plot
time profiles and spectra from the GBM CSPEC and CTIME files (both daily and trigger files). Figure 4 shows an
example of GOES, GBM and RHESSI light curves and count flux spectra generated with OSPEX for the 2010
January 20 solar flare..

Flux COES14 3 sec

107V ET T

GOES orehives Yehkoh
eanad

104l " . L A h
17:40 17:30 13:00 1&10 18:30
Stort Time (20—Jon—10 17:38:33)
SPEX FERMI GBM Court Flux ve Time
100.0COE™T T T T T T
- 10,000
s
k. 1000
& i
.' - i
] fivlurmi
“ Q.1C0 =
§ 3
0.010 =
0.001 k=
1740 17:30 183:00 1810 18:30
Start Time (20-Jon—10 17:38:33)
SPEX HESSI Count Flux ve Time
lm0.000E T T T T T
m -

Detectors: 4F
4.3 to 11.4 k¥ {Dato with BK) —
¢ 114 to 28.7 ha¥ {Data with Bk
¢ 28.7 o 504 ke {Doto with Bl) —
90,4 to 1021 ke {Data wRh BK) —
; \ 1021 to 312.7 kaV {Oato wih BK) —
»
% - “\\-.,‘\
! " | “
i Mgl e " 19y
o
13:20 18:30

13:00 1810
Start Time (20—Jon—10 17:38:33) Cdn-E0 1288

SPEX FERMI GBM Count Flux vs Energy

20-Jon-2010 17.55.00.548 to 17.55.09.564 {Dalo with :z
20-Jan—2010 17°54-39 678 to 17°54:49 918 {Dola with Bk,
20—%on-2010 17:59:39.716 tn 17:59:49.956 {Dota with —

£
ﬁ
JIIIJII.l IIIIII‘ IIIIIIJ IIIlIl.l IIIIII.| L b

100 1000
Energy (keV)

2-Fck-2010 1008

Figure 4. GOES (top), GBM Nal_04 detector (second), and RHESSI detector 4 (third) light curves
plotted on the same time scale using OSPEX. The GBM and RHESSI count fluxes are plotted for the
same four energy bands. The bottom plot is the GBM Nal_04 detector count flux spectrum for 10
seconds during the rise (black), peak(green), and decay (pink) of the 2010 January 20 M4 solar flare.




Task 5. Prepare to analyze GBM spectra

Efforts are currently underway to calculate the GBM response matrix for flare time intervals to enable the next step
in OSPEX — detailed spectral analysis and cross-calibration with RHESSI and other solar instruments. We will
install on our server the response matrix software developed at UAH, and generate response files for all flare time
intervals. Required input to the response-generation software are the spacecraft position and orientation values,
which we will extract from the daily POSHIST file provided in the GBM archive, and the position of the Sun at the
time of the flare. The response files generated will be readable by OSPEX for spectral analysis.

Once these software pieces are in place and the flare catalog and response matrix database are created, we plan to
facilitate OSPEX access to the GBM data. Rather than requiring the user to access the GBM archive and copy files
manually, the user will be able to select the flare of interest from our GBM flare catalog and then OSPEX will
transparently copy the required data files from the GBM archive and import the requested time interval and
appropriate response matrix into OSPEX.

Task 6. Prepare for joint analysis of GBM and LAT spectra

In preparation for doing joint analysis of flares with the GBM and LAT data, we have been doing studies of flares
observed by Yohkoh and RHESSI that have both nuclear-line and pion-decay emission. The 2005 January 20 flare
is a good example of this. This flare exhibits what appears to be at least three stages of particle interaction at the
Sun: 1) particles accelerated along closed loops exhibiting a delay between electron and ion impact; 2) down-stream
particles (primarily ions) that appear to be from extreme shocks related to the CME producing the up-stream GLE
protons with energies up to at least 10 GeV at Earth; 3) returning upstream particles after reflection beyond the
Earth. Fermi is orders of magnitude more sensitive to pion-decay emission than RHESSI and will easily detect these
three components, and combined with the nuclear line measurements from GBM and RHESSI, will provide a much
clearer view of the three processes in less intense solar flares. To this end, OSPEX has been enhanced to use new
nuclear-line and pion decay gamma-ray templates in preparation for analyzing GBM and LAT data.

Task 7. Improve pion-decay model

Another goal is to improve the theoretical modeling of the production of pion-decay gamma rays. We have
calculated a combined gamma-ray line and pion-decay spectrum using the measured SEP spectrum for the 2001
April 15 event. We then used this spectrum to fit the Yohkoh gamma-ray data for the associated flare to determine
if the SEP spectrum could explain the gamma-ray observation. The SEP spectrum did not provide an acceptable fit,
indicating that the spectrum of protons at the Sun is significantly softer than those in space. Similar analyses will be
performed in OSPEX using combined GBM and LAT solar flare data to obtain the spectrum of interacting particles
at the Sun.

Task 8. Develop algorithm for autonomous solar pointing in response to a GBM trigger

We will study the first GBM solar flares and design an algorithm for the GBM Flight Software (FSW) to identify
flares more likely to have a high-energy component worth following with the LAT via an ARR (Autonomous
Repoint Request). Configuration Change Requests (CCRs) will be generated for the GBM FSW to implement this
plan. Once the plan to modify the GBM FSW is approved by the Fermi Project Office, we hope that the changes to
the GBM FSW will be implemented in the second year.



